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|. Experimental details [Sauer, Molec. Sys. Biol. 06]
2. Timescales (chemical vs genetic vs cellular vs experimental ...
3. Stationary state!
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bipartite graph

degree of reagent (in/out, power law)

degree of reaction (in/out, Poisson)

A ={a"} output
B = {b'} input

stoichiometry

/O O\

7 N\
7/ N
7/ N

N reactions (balls), P reagents (squares)
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bolic network include the carbon source provided in the cul-

Metabolic Flux Balancing:
Basic Concepts, Scientific and Practical Use

Amit Varma' and Bernhard O. Palsson*




Flux-balance analysis

Find

+ maximization of biomass yield
+ maximization of ATP yield
+ minimization of total flux

+ minimization of glc consumption
+ ..

S stoichiometric matrix (P by N)

net cellular uptake

flux vector

UV — {O S Vi S Vmax}qj;\;1 st

S UV — 1 (mass balance)

MC sampling unfeasible (E. coli)

Molecular Systems Biology 3; Article number 119; doi:10.1038/msb4100162
Citation: Molecular Systems Biology 3:119

© 2007 EMBO and Nature Publishing Group Al rights reserved 1744-4292/07
www.molecularsystemsbiology.com

Systematic evaluation of objective functions for
predicting intracellular fluxes in Escherichia coli

Robert Schuetz'??, Lars Kuepfer'** and Uwe Sauer'**
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Optimal

V4
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Max biomass

Imax

Ubiomass

Veglc

Evolution drives selection
towards maximal biomass
yield

Max ATP

VATP

Evolution drives selection
towards maximal energetic
efficiency

Min total flux

Evolution drives selection
towards maximal enzymatic
efficiency

Min glc
consumption

Evolution drives selection
towards optimal usage of
substrate
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Analysis of optimality in natural and perturbed
metabolic networks

Daniel Segré, Dennis Vitkup, and George M. Church*

[PNAS 99 15112 (2002)]

Lipper Center for Computational Genetics and Department of Genetics, Harvard Medical 5chool, Boston, MA 02115
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metabolic networks
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Global organization of
metabolic fluxes in the E. Almaas’, B. Kovacs'2, T. Vicsek?, Z. N. Oltvai® & A.-L. Barahasi'
bacterium Esd'e’tichia co"' NATURE|VOL 427 | 26 FEBRUARY 2004 | www.nature.com/ nature
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Estimating the size of the solution space of metabolic net-

works
[Braunstein et al, BMC Bioinfo. 08]

Alfredo Braunstein!2, Roberto Mulet?, Andrea Pagnani®

1.4 Figure 1.4 - Distribution of average fluxes
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V
Distribution of average fluxes () of the reactions for the E-Coli metabolism. N = 1005 and M = 506.
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IH(t) =) blS(t)

A7}

INPUT (time t)

*

O*(t) =Y al'Si(t)

1EN

OUTPUT (time t)

o

INPUT (time t+1) WASTE (time t)
I*(t+1) = O*(t) — C*(¢) CH(t) >0

Problem : which {S(t)}tzo are optimal?




(0 = Y 1S, 0r(t) = 3 at i1
1EMU 1EU
INPUT (time t) OUTPUT (time t)

&9

INPUT (time t+1) WASTE (time t)
I*(t+1) = O*(t) — C*(¢) CH(t) >0

Problem : which {S(t)}tzo are optimal?

Von Neumann’s recipe : focus on paths such that [* (t + 1) = pl" (t)
CH(t) = ct'p’
Si(t) = sip’

} — maximize p




— pB)s > 0

constraints C — {C“ > O}le

variables s = {sz- > O},‘Z\Ll

Optimal metabolic networks :

maximize p subject to ¢ = Z si(at — pbl')y >0 Vu
1EL

1) compute p* ; 2) look at P(s) etc.
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“shape” of solution space

frozen
variables

“free”
variables
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Biophysical Jounal Volume 85 July 2003 16-26

Iman Famili and Bernhard O. Palsson
Department of Bioengineering, University of California San Diego, La Jolla, California 92093-0412 USA

conserved pools of metabolites : groups G of reagents such that

(
*<1

Do —vy=0 = "~
\c“’:() Ve G

e
8) 697, 699 --> tma(e), tmao(e)(solo input) {2 react: 641, 642}

hle] + mql8[c] + tmaole] --> h20[e] + mqn8[c] + tma[e] Oxidative phosphorylation
2dmmgql8[c] + h[e] + tmao[e] --> 2dmmq8[c] + h20[e] + tma[e] Oxidative phosphorylation

34) 146, 147, 148, 153, 208, 209, 210 --> adocbi, adocbip, adocbl, agdpcbi, cbi(puo' solo input), cbll,
cbll(e)(solo input) {6 react: 304, 305, 308, 310, 311, 750}

clatp + cbi + h20 <==> adocbi + pi + ppi Cofactor and Prosthetic Group Biosynthesis
clatp + ¢bl1 + h20 <==> adocbl + pi + ppi Cofactor and Prosthetic Group Biosynthesis
c]agdpcebi + rdmbzi --> adocbl + gmp + h Cofactor and Prosthetic Group Biosynthesis
[cladocbi + atp --> adocbip + adp + h Cofactor and Prosthetic Group Biosynthesis

'c]adocbip + gtp + h --> agdpcbi + ppi Cofactor and Prosthetic Group Biosynthesis
atp[c] + cbll[e] + h2o[c] --> adp[c] + cbll[c] + h[c] + pi[c] Transport, Extracellular




Theory : model on a [De M, Martelli, Monasson, JSTAT 2007]

locally tree-like graph
(~Gardner problem)
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Theory : model on a [De M, Martelli, Monasson, JSTAT 2007]
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real vs random networks

NEDN RSN SR el N R R e
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are frozen fluxes topologically relevant?
e. coli’s central metabolism
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